A new furofuran lignan, zanthonin (1) together with 13 known compounds including seven furofuran lignans (2-8), one isobutyl amide (9), a furanocoumarin (10) and four flavonoids (11-14) have been isolated from the leaves of Zanthoxylum armatum. The chemical structures of these compounds were elucidated mainly on the basis of NMR (1D and 2D) and MS data. This is the first report on the isolation of methylxanthoxylol (4) from Z. armatum.
Compound 1 was isolated as colorless oil with optical rotation [α] 25 D = -116 (c 0.12, MeOH) and its molecular formula was deduced to be C 24 H 28 O 6 by positive HR-ESI-QTOF-MS, exhibiting a protonated ion at m/z 413.1964 [M+H] + (calcd. for C 24 H 29 O 6 413.1951 [M+H] + ). The IR spectrum indicated the presence of a hydroxyl group (3537 cm -1 ) and an olefinic double bond (1606 cm -1 ). The UV spectrum in methanol showed absorption maxima at λ max 211, 231 and 281 nm, suggesting the presence of aromatic and unsaturated moieties. The 1 H NMR data displayed resonances for two oxymethylene groups at δ H 3.83 (1H, m, H-9′a) and 3.35 (1H, t, J = 8.5 Hz, H-9′b) and at δ H 4.13 (1H, m, H-9a) and 3.88 (1H, m, H-9b), two oxymethine groups at δ H 4.48 (1H, d, J = 6.9 Hz, H-7) and 4.81 (1H, d, J = 6.0 Hz, H-7′) and two methine groups at δ H 2.94 (1H, q, J = 7.3 Hz, H-8) and 3.29 (1H, m, H-8′), indicating the presence of a furofuran moiety. The 1 H NMR spectrum also showed resonances for six aromatic protons as two ABX systems at δ H 6.90 (1H, s, H-2), 6.83-6.88 (3H, m, H-5, H-6 and H-5′), and 6.69-6.78 (2H, m, H-2′ and H-6′), representing the presence of 1,3,4trisubstituted benzene rings, one prenyloxy group at δ H 5.48 (1H, t, J = 6.6 Hz, H-2″), 4.55 (2H, d, J = 6.6 Hz, H-1″), 1.71 (3H, s, H-4″), 1.74 (3H, s, H-5″) and one methoxy group at δ H 3.85 (3H, s). The 13 C and DEPT NMR spectroscopic data showed twenty-four signals. Except for the resonances for a methoxy group and one prenyloxy group, the remaining eighteen carbon signals were consistent with a furofuran lignan derivative. The 1 H and 13 C NMR spectra of 1 were similar to those of planispine-A (8) with the major difference being that the methoxy group of 8 was replaced by a hydroxyl group in 1.
The position of these groups was established from 2D NMR (HMQC, HMBC and NOESY) data. In the HMBC spectra, the correlations of -OCH 3 (δ H 3.85) to C-3, C-4; H-2 (δ H 6.90) to C-3, C-4, C-6, and H-1̎ (δ H 4.56) to C-4, C-3̎ , C-2̎ indicated that one methoxy and one prenyloxy group were located at the C-3 and C-4 positions, respectively. The positions of the methoxy and prenyloxy groups were also confirmed by NOESY experiments, which showed the correlation of -OCH 3 (δ H 3.85) to H-2 (δ H 6.90) and H-1″ (δ H 4.55) to H-5 (δ H 6.83). The two hydroxyl groups were connected at C-3′ (δc 143.7) and C-4′ (δ H 143.1), supported by the HMBC correlations of H-2′ to C-1′, C-3′ and H-6′ to C-5′, C-4′. The NOESY correlations of Hα-7 to Hα-9′ and Hβ-8′ to Hβ-7′ showed that the proton of Hα-7 and Hα-9′ were on the same face and had α orientations, whereas Hβ-8′ and Hβ-7′ had β orientations. This observation was further supported by the levorotatory optical rotation, which was similar to that of 8 ([α] 25 D = -41, c 0.12, MeOH). Thus, based on the above analysis and literature survey [4] the structure of zanthonin (1) was established as (-)-(7α, 7′β, 8β, 8′β)-3-methoxy-4-prenyloxy-7,9′: 7′,9-diepoxylignan-3′,4′-diol. Along with the new compound (1), 13 known compounds were also isolated and identified as seven furofuran lignans: asarinin (2) [5] , sesamin (3) [6] , methylxanthoxylol (4) [7] , kobusin (5) [8] , fargesin (6) [9] , eudesmin (7) [10] and planispine-A (8) [4] ; isobutyl amide: α-sanshool (9) [11] , a furanocoumarin: psoralin (10) [12] and four flavonoids: catechin (11) [13] , vitexin (12) [14] , isovitexin (13) [14] and hesperidin (14) 
Extraction and isolation:
Air dried and powdered leaves of Z. armatum (3.5 kg) were extracted with methanol (3 x 10 L) for 24 h at room temperature by percolation and the percolate was evaporated under reduced pressure at 50 o C to give 530 g of methanol extract. This was suspended in water (1000 mL) and subsequently partitioned with n-hexane, chloroform, EtOAc and nbutanol to obtain n-hexane (116.7 g), chloroform (34.2 g), EtOAc (30.7 g) and n-butanol (88.5 g) fractions. The water insoluble part was crystallized in methanol to yield 12 (8.617 g). The CHCl 3 fraction (34.2 g) was chromatographed over silica-gel (60-120 mesh) and eluted using n-hexane: EtOAc mixtures (10:0 to 0:10). A total of 46 fractions (250 mL each) were collected. Fractions 13-22 were subjected to silica gel column chromatography (CC) with a gradient of increasing EtOAc in n-hexane (8.5:1.5-8:2) to afford 2 (0.984 g) and 3 (0.735 g), which were further purified by crystallization. Fractions 26-38 were subjected to silica gel CC using n-hexane: EtOAc (8:2) to furnish 10 (0.047 g), 9 (0.423 g), 6 (0.981 g) and 5 (0.826 g). Fraction 40-42 was subjected to RP C18 CC using MeOH: H 2 O (8:2) as eluent to yield 7 (0.220 g). The EtOAc fraction (30.7 g) was separated by CC over silica gel by eluting with a gradient of n-hexane: EtOAc (10: 0 to 0: 10) and EtOAc: MeOH (9.5:0.5 to 0:10) yielding 33 fractions (250 mL each). Fractions 18-21 were subjected to CC with EtOAc: n-hexane Table 1 .
